The Proceedings 


OF 


THE INSTITUTION OF 
ELECTRICAL ENGINEERS 


FOUNDED 1871: INCORPORATED BY ROYAL CHARTER 1921 


ISSUED IN THREE PARTS AS FOLLOWS: 


Part A. POWER ENGINEERING (February, April, etc.) 


Part B. RADIO AND ELECTRONIC ENGINEERING (INCLUDING COMMUNICATION ENGINEERING) 
(January, March, etc.) 


Part C. INSTITUTION MONOGRAPHS (March and September only) 


PART A 


POWER ENGINEERING 


VOLUME 104, 1957 


PUBLISHED BY THE INSTITUTION, SAVOY PLACE, LONDON, W.C.2 


The Institution of Electrical Engineers 


FOUNDED 1871 
INCORPORATED BY ROYAL CHARTER 1921 


PaTRON: HER MAJESTY THE QUEEN 


COUNCIL 1956-1957 


President 
Sir GorDON RADLEY, K.C.B., C.B.E., Ph.D.(Eng.). 


Past-Presidents 


Str JAMES SWINBURNE, ae F.R.S. 

W. H. Ecctes, D.Sc., 

THE Rt. Hon. THE ae OF Mount EpGccumpe, T.D. 

J. M. DonaLpson, M.C. 

PROFESSOR E. W. MARCHANT, D.Sc. 

H. T. YounNG. 

Sir GeorGcE LEE, O.B.E., M.C. 

Sm ARTHUR P. M. FL EMING, C.B.E., D.Eng., LL.D. 

J. R. BEARD, C.B.E., M.Sc. 

Sir NoEL ASHBRIDGE, B.Sc.(Eng.). 

COLONEL Sir A. STANLEY ANGWIN, K.C.M.G., K.B.E., D.S.O., 
M.G:, T.D., D.Sc:(Eng.). 


Sm Harry RAILING, D.Eng. 

P. DUNSHEATH, C.B.E., M.A., D.Sc.(Eng.). 
Sir VINCENT Z. DE FERRANTI, M.C. 

T. G. N. HALDANE, M.A. 

PROFESSOR E. B. MouLLIn, M.A., Sc.D. 
Sir ARCHIBALD J. GILL, B.Sc.(Eng.). 

Sir JOHN HACKING. 

COLONEL B. H. LEgEson, C.B.E., T.D. 
Sm Haro_p Bisuop, C.B.E., B.Sc.(Eng.). 
Sir Josiah Ecc ies, C.B.E., D.Sc. 

Sir GEORGE H. NELSON, Bart. 


Vice-Presidents 


eee. GOEDUP, CG. Bab. 
S. E. GoopALL, M.Sc.(Eng.). 
WILLIS JACKSON, D'Sce., DPhil; Dr-Se.Tech., F.R-S: 


G.S; €. GocasiO°B-E> 
Sm HamisH D. MACLAREN, 
B.Sc. 


K.B-E C.B: DAtC? Bibs 


Honorary Treasurer 
THE Rt. HON. THE VISCOUNT FALMOUTH. 


Ordinary Members-of Council 


Proressor H. E. M. Bartow, Ph.D., B.Sc.(Eng.). 
J. BENNETT. 

J. A. BROUGHALL, B.Sc.(Eng.). 

C. M. Cock. 

A.R. CooPrER, M.Eng. 

B. DONKIN, B.A. 

PROFESSOR J. Greic, M.Sc., Ph.D. 
E. M. Hickin. 

F. J. LANE, O.B.E., pee 

D. McDONALD, B.S 

C. T. MELLING, CB) E., M.Sc.Tech. 


H. H. MuLtens, B.Sc. 

A. H. Mumrorp, O.B.E., BSc(Eng,). 

W. F. PARKER. 

D. P. Sayers, B.Sc. 

G. L. WatEs, J.P. 

H. WATSON-JONES, M.Eng. - 
D. B. WELBouURN, M.A. 

H. West, M.Sc. 

J. H. Westcott, B.Sc.(Eng.), Ph.D. 

E. L. E. WHEATCROFT, M.A. 


Chairmen and ee airmen of Sections 


Measurement and Control: 
D. TAyLor, M.Sc., Ph.D. 
*W. BAMFORD, B.Sc. 


Radio and Telecommunication: 
R. C. G. WILLIAMS, Ph.D., B.Sc.(Eng.). 
*H. STANESBY. 


Supply: 
Pade Ree B Sc.(Eng,). 
al Er DRUCQUER. 


Utilization: 
H. J. Grsson, B.Sc. 
*D. B. Hoace, M.B.E., T.D. 


Chairmen and Past-Chairmen of Local Centres 


East Midland Centre: 
H. L. HASLEGRAVE, M.A., Ph.D., M.Sc. 


Eng.). 
*F,R. C. ROBERTS. 
Mersey and North Wales Centre: 
P. D’E. STOWELL, B.Sc.(Eng.). 
*PROFESSOR J. M. "MEEK, D.Eng. 
North Midland Centre: 


W. K. FLEMING. 
*F, BARRELL. 


J. CHRISTIE. 
*A, H. KENYON. 


*G. V. SADLER. 


North-Eastern Centre: 


North- Western Centre: 
T. E. DantEL, M.Eng. 


Northern Ireland Centre: 
DouGLas S. PARRY. 
*Masor E. N. CUNLIFFE, B.Sc.Tech. 


Scottish Centre: 
PROFESSOR F. M. BRUCE, - mr Ph.D. 
*E. WILKINSON, Ph.D., B.E 


South Midland Centre: 
C. J. O. GARRARD, M.Sc. 
*H. S. Davipson, T.D. 


Southern Centre: 
H. Rosson, B.Sc. 
*L. H. Fuiier, B.Sc.(Eng.). 


Western Centre: 
PROFESSOR G. H. RAWCLIFFE, M.A., D.Sc. 


*T. GalDASH ses 


* Past Chairman 


Secretary 
W. K. BRASHER, C.B.E., M.A., M.I.E.E. 


Deputy Secretary 
F, Jervis SmiTH, M.J.E.E. 


Assistant Secretary 
F. C. Harris. 


Editor-in-Chief 
G. E. Wititams, B.Sc. (Eng.), M.I.E.E. 


OO ee SS ee 


2 ee 


Ao | 


th le 


~~ = == YC 


CONTENTS 
VOL. 104, Part A 


The President’s Inaugural Address. Sir pope re Kee: Be 
C.B.E., Ph.D.(Eng.) , 


Chairmen’s Addresses: 


Supply Section. P. J. Ryle, B.Sc.(Eng.) 

Utilization Section. H. J. Gibson, B.Sc. 

hhish Branch. P. H. Greer : 

North-Eastern Centre. J. Christie 

North Midland Centre. W. K. Fleming 

North-Western Centre. T. E. Daniel, M.Eng. 

Northern Ireland Centre. Douglas S. Parry .. 

Scottish Centre. Prof. F. M. Bruce, M.Sc., Ph.D. 

South Midland Centre. C. J. O. Garrard, M.Sc. 

Southern Centre. H. Robson, B.Sc. .. 

North Lancashire Sub-Centre. E. H. Scholes. . 

Rugby Sub-Centre. J. H.Cansdale .. 

Sheffield Sub-Centre. G. G. Nicholson, M. Eng. 

North Scotland Sub-Centre. R.B. Anderson 

South-East Scotland Sub-Centre. F. G. Bennett 

South-West Scotland Sub-Centre. J. W. Macfarlane, Ph. De 
Wh.Sc., J.P. 

South-Western Sub- Centre. W. “Roy Rowe 

West Wales Sub-Centre. J. L. Griffiths a 

North Staffordshire Sub-Centre. A. T. Chadwick 


The New Sir Adam Beck Generating Station at Niagara (Supply 
Section Lecture, 1956). R.L. Hearn, B.A.Sc., D.Eng. : 


Conduction and Induction aaeeg for Liquid Metals. L. R. Blake, 
Ph.D., B.Sc. : ae at 


Discussion before the ito 


The Institution in conjunction with the British Nuclear 
Energy Conference 
North-Western Centre .. 


Discussion (communicated) on ‘The Non-Destructive Testing of 
Electric Strength of Liquids’ (Paper by W. P. Baker). . 


The Moving-Coil Regulator: a Treatment from First Principles. 
Prof. G. H. Rawcliffe, M.A., D.Sc., and J. R. Smith, B.Sc... 


Discussion (communicated) 


Discussion (author’s reply) on ‘A Short Modern Review of Funda- 
mental Electromagnetic Theory’ (Paper by P. Hammond) . 


A Stator-Fed Half-Speed Synchronous Motor. R. L. uceell 
M.Sc., and K. H. Norsworthy, B.Sc. 


Discussion on ‘The Electrical Engineering Industry in the Post- 
War Economy’ (Paper by G. L. E. Metz), before the East 
Midland Centre and the North Midland Centre 


Discussion on ‘Design, Performance and Application of Miniature 
Circuit-Breakers’? (Paper by H. W. Wolff and T. G. F. 
Atherton), before the North Midland Utilization Sas 
and the Mersey and North Wales Centre 


A Self-Oscillating Induction Motor for Shuttle Propulsion. 
E. R. Laithwaite, M.Sc., and P. J. Lawrenson, B.Sc. 

Brushless Variable-Speed Induction Motors. Prof. F. C. Williams, 
O.B.E., D.Sc., D.Phil., F.R.S., E. R. Laithwaite, M.Sc., and 
L. S. Piggott, "M.Sc. 


Discussion on the above two papers before the rallowae 


Utilization Section 
North-Western Utilization Group 


1957 
PAGE PAGE 
Insulation Properties of Compressed rane Sh Gases. P.R. 
1 Howard, Ph.D., B.Sc.(Eng.) 3 123 
Discussion on the above paper and on ‘The Electric repeats of 
Highly Compressed Gases’ (Paper by E. H. ap before the 
7 Measurement and Control Section 137 
. Processes contributing to the Breakdown of itivconaats Gases 
7 in Uniform and Non-Uniform Electric Fields. P. R. Howard, 
19 Ph.D., B.Sc.(Eng.) 139 
21 Discussion (communicated) ; a 319 
23 The Automatic Solution of Power-System Swine cline Equations. 
26 Colin Adamson, M.Sc.(Eng.), L. Barnes, M.Sc.Tech., and 
28 B. D. Nellist, M.Sc.Tech. 143 
a Electronic-Analogue-Computer Study of nian 
33 Transient Stability. A. S. Aldred, M.Sc., and P. A. Hie 
34 B.E. Se : a 152 
35 Discussion on the above two papers aad on. Dynamite Greate 
26 of an A.C. Network ee Cee eh S. eae before the 
Supply Section .. 161 
37 The Application of Electricity to Ratiway Signaling Review of 
38 Progress). R. Dell 165 
3 The Application of Electricity to Signalling for Road Taisport 
(Review of Le J. fs M.A., and A. T. Wilford, 
B.Sc. 173 
41 A Thermionic Rheostat for / Automatic Control. E. G. Hopkins, 
Ph.D., B.E. 180 
49 Fires of Electrical oe D. I. Lawson, M.Sc., Ay J.B: Fo 
B.Sc. : : : 185 
Discussion Conoenes a ze a oS 
63 Discussion (communicated) on ‘An ine eaatneei Ga Induction Motor 
65 Winding for 6:3:2:1 Speed Ratios’ Seti by G. H. Rawcliffe 
and B. V. Jayawant) 191 
67 Discussion (communicated) on ‘An Electronic Ove: Current easy 
for Electrical Machines’ Se ae J. S. H. Goodall and 
68 G. S. Chapman). . 192 
193 Transistor Voltage Regulators for saltcettor’! E. E. :. Ward, Ph.D., 
and N. H. Sabah, M.Sc. ? 194 
76 The Absolute Calibration of Voltage Teakefortiers: Ww. K. 
Clothier, B.Sc., M.E., and L. Medina, Dipl.Ing. 204 
wn Discussion before the Measurement and Control Section 211 
The Measurement of Earth-Loop Resistance. G. F. Tagg, B.Sc., 
88 Ph.D. ; ; a. sh Pe A'S 
Discussion before the following: 
The Institution .. mf Pp) 
North-Western Centre ; 226 
90 South-West Scotland Sub- Centre 227 
Choice of Insulation and Surge Protection of Overhead Trans- 
93 mission Lines of 33kV and above. A. Morris Thomas, B.Sc., 
and D. F. Oakeshott, B.Sc. 229 
Discussion before the following: 
Ue Supply Section .. 240 
Mersey and North Wales Centre 244 
118 North-Eastern Centre .. 245 
120 South-West Scotland Sub- Centre 246 


iv 


Electricity in Modern Commercial Horticulture. C. A, Cameron 
Brown, B.Sc., and A. W. Gray : : 


Discussion before the following: 


Utilization Section : 
North-Western Utilization Group 
South-West Scotland Sub-Centre 
North Staffordshire Sub-Centre 


Some Aspects of Heat Pump erica in Great Britain. Minin 
V. Griffith, B.Sc. : 


Discussion before the following: 


The Institution .. is 
North-Eastern Centre .. 
North-Western Centre 
Southern Centre. . a ; : 

Discussion on ‘The Measurement of Swain Temperatures in 
Power Stations’ (Paper by D. H. Lucas and M. E. Peplow), 
before the North-Western Supply Group Ei, 


Development of Gas-Cooled Reactors for Power Production. 
R. V. Moore, G.C., B.Sc.(Eng.) i 


Mechanical Strength of Power Transformers in Service. 
Norris os as : 


Discussion before ae following: 


Supply Section .. ne 
North-Eastern Centre . ‘ 
North-Western Supply Group 


Cathodic Protection. L. B. Hobgen, O.B.E., K. A. Spencer, 
B.Sc.Tech., and P. W. Heselgrave, B.Sc. : 


Discussion before The Institution 


Discussion on ‘Power System Protection, with cet ane reference 
to the Application of Junction Transistois to Distance Relays’ ; 
and ‘A Dual-Comparator Mho-Type Distance Relay aiilizing 
Transistors’ (Papers by C. Adamson and L. M. Wedepohl), 
before the following: 


Supply Section and Measurement and Control Section 
Mersey and North Wales Centre 
North-Eastern Radio and Measurement Group 


Discussion on ‘Mine Locomotives’ (Paper by T. E. Green) before 
the North-Western Utilization Group and a Joint Meeting of 
the North Midland Centre and Sheffield Sub-Centre 


Discussion on ‘Germanium and Silicon Power Rectifiers’ (Paper by 
T. H. Kinman, G. A. Carrick, R. G. Hibberd and A. J. 
Blundell), before the South Midland Supply and Utilization 
Group; the Mersey and North Wales Centre; the Western 
Centre; the Sheffield Sub-Centre and the Southern Centre. . 


Discussion on ‘Breakdown under Impulse Voltages of Solid and 
Liquid Dielectrics in Combination’ (Paper by W. G. Stand- 
ring and R. C. coe” before the North-Western eee 
Group 


Discussion on qinientnan eens i in Coal Mines’ (Paper by 
C. J. D. Statham), before the North-Eastern Centre. . 


Discussion on Temperature Rise in Electrical Machines (Pecee 
by J. J. Bates, A. Tustin, D. F. Nettell and R. Solt), before 
the South-East Scotland Sub-Centre; the South Midland 
Supply and Utilization marie and the South-West Scotland 
Sub-Centre ; i 5s 


Discussion on ‘Highland Water Power—the a ed inven of the 
North of Scotland Hydro-Electric Board’ (Paper by T. 
Lawrie), before the Northern ireland Centre; the Western 
Supply Group; the Southern Centre; the South-Western 
Sub-Centre; and the Mersey and North Wales Centre 


Discussion on ‘Conduction and Induction Pumps for Liquid Metals’ 
(Paper by L. R. Blake), before the North-Eastern Centre .. 


Discussion on ‘Power-System Engineering Problems with reference 
to the Use of Digital Computers’ (Paper by C. Robinson and 
D. H. Tompsett), before the North Staffordshire Sub-Centre 


Boek. 


PAGE 


249 


320 
322 
524 


325 


327 


331 


332 


333 


335 


339 


340 


TABLE OF CONTENTS 


Electrical Equipment for Rectifier Locomotives. H. B. Calverley, 
B.Sc.(Eng.), E. A. K. Jarvis, B.Sc. me ), and E. bier: 
B.Sc.(Eng.) 

Circuit Calculations for Rectifier Locomotives and Moton@anhen 
T. E. Calverley, B.Sc. Oe: We Ph.D., and D. G. ee 
B.Sc.(Eng.) ; " 


Discussion on the above two papers before the “follows 


Utilization Section 
North-Western Utilization Group 


Discussion on ‘Flat Pressure Cable’ (Paper by J. S. Mellieha 
A. M. Morgan and C. T. W. Sutton), before the Western 
Centre and the Southern Centre F 


Discussion on ‘The Potentialities of Railway Electrification at the 
Standard Frequency’ (Paper by E. L. E. Wheatcroft and 
H. H. C. Barton), before the Southern Centre; the North 
Staffordshire Sub-Centre; the South Midland Centre; the 
East Midland Centre; the Western Centre; the Sheffield 
Sub-Centre; the Northern Ireland Centre; the South-East 
Scotland Sub-Centre; the Mersey and North Wales ass, 
and the North Midland Centre 


Earth-Electrode Systems for Large Electric Stations. J. D. 
Humphries, B.Sc.(Eng.) BS on 


Discussion before the following: 


Supply Section .. hs 
North-Eastern Centre .. 
North-Western Centre . 


Discussion on ‘Electrical eat from the Wind’ weaned - E. W. 
Golding), before the South Midland ees and Utilization 
Group 


A Deep Electrolytic Tank for the Solution of 2- and 3-Dimensional 
Field Problems in Engineering. E. R. Hartill, B.Sc. biiciies s 
J. G. McQueen and P. N. Robson, B.A. .. 


Discussion before the Measurement and Control Section 


Discussion on ‘Resistance Heating of Mild-Steel Containers at 
Power Frequencies’ (Paper by C. A. M. ee before the 
Mersey and North Wales Centre 


Discussion on ‘Timing the Operation of Control eae asso- 
ciated with Rotating Equipment’ (Paper by C. Cuthbert and 
D. A. Picken), before the Western Utilization Group 


Development of Bree peer pining Heaters. 
E, Bates .. 


Electrical Floor Warming. J. W. Moule, B.Sc. (Eng ), and W. M. 
Stevenson, T.D. 


Discussion on the above two papers before the reattoWeaeel 


Utilization Section 
North-Eastern Centre .. 
North Midland Utilization Group 


Electrical Process Heating (Review of Progress). 
Humphreys, C.B.E., B.Sc., and R. Smith, B.Sc. 


A 2:1 Pole-Changing Induction Motor of Improved Perfor- 
mance. Prof. G. H. Rawcliffe, M.A., D.Sc., and R. F. 
Burbidge, B.Sc. 


Linear Induction Motors. 


O. W. 


EB. R. (igen M.Sc., Ph.D. 


400kV Transmission Systems in the Soviet Union (Supply Section 
Lecture, 1957). §S.S. Rokotyan and P. B. Lebedev 


Discussion on ‘A New Meter for the Kilovolt- -Ampere-Demand 
Charge’ (Paper by P. Baxter), before the Western Centre es 


British Columbia-Vancouver Island 138kV Submarine Power 
Cable. T. Ingledow, D.Sc., R. M. Fairfield, B.Sc. (Eng.), 


E. L. Davey, B.Sc. Gee K. S. Brazier, B.Sc. 
J. N. Gibson rape ee 


Discussion before The natin 


PAGE 
Voltage Performance of Series Capacitors in Transmission and 


TABLE OF CONTENTS 


Discussion on ‘Electrolytic Processes for Surface Conditioning of 
Metals’ (Paper by J. W. SRL eeR) before the East 


Arc Movement due to the Magnetic Field of Current flowing in the 
Electrodes. A.E. Guile, Ph.D., B.Sc. tees Bs and 8. F. Mehta, 


Distribution Lines. J. M. Magowan oat 3505 
_ Discussion before the Supply Section .. Y 2516 Midland Centre 
he World’s stad Resources. H. J. Miller (Usiaton Seti 
Lecture) . ; 5 Spy 
The Dynamic ro tao at ofa  Magnavol ¢ ean Eas R. i. B.E, 
Stevens, M.Sc.(Eng.) .. : a2 snd ‘ te 20° = Index 
4 
PAGES IN PART A 1957 
: : Pages No. Month 
P 1-92 13 February 
; 93-192 14 April 
: 193-280 15 June 
281-340 16 August 
: 341-456 17 October 
457-540 18 December 
; 


Page 232: The equation for the resistance of a rod should read R = 


CORRIGENDUM TO VOL. 104, PART A, 1957 
[0-37p logio (4//d)]// ohms. 


v 


PAGE 


530 


533 
541 


_ Declaration on Fair Copying.—Within the terms of the Royal Society’s Declaration on Fair Copying, to which The Institution subscribes, material 


may be copied from issues of the Proceedings (prior to 1949, the Journal) which are out of print and from which reprints are not available. 


The 


_terms of the Declaration and particulars of a Photoprint Service afforded by the Science Museum Library, London, are published in the Journal 
; from time to time. 


_ Bibliographical References.—It is requested that bibliographical reference to an Institution paper should always include the serial number of the 


paper and the month and year of publication, which will be found at the top right-hand corner of the first page of the paper. 


should precede the reference to the Volume and Part. 


Example.—Smiru, J.: ‘Overhead Transmission Systems’, Proceedings I.E.E., Paper No. 3001 S, December, 1954 (102 A, p. 1234). 


This information 


Rum a Aeherie, 
a re va 


a Pt 4 
au APS Vee r) "Ps an 18 
Paro ka A 
fi 7 , 
Be es a : Peay sp Bsn 
< Ed afi ak 
1 
t jae Var 42) i ‘vs 
eed) etek : \ ‘ 
¥ 
cel Dre - 2 ae fi 
hee 
4 Py ; 
othe 4 
iy 
a 


